In this paper we revisit the idea of measuring the magnetic dipole moments of the charm baryons and, in particular, of Λ + c by studying the spin precession induced by the strong effective magnetic field inside the channels of a bent crystal. We present a detailed sensitivity study showing the feasibility of such an experiment at the LHC in the coming years.
INTRODUCTION
The magnetic dipole moment (MDM) of a particle is its fundamental characteristic that determines the torque which particle experiences in an external magnetic field. The MDMs of many particles are presently known [1] . For electron the QED prediction agrees with experimentally measured value up to very high precision. For muon the measurement of the BNL E821 experiment [2] disagrees with the Standard Model prediction by 3-4 standard deviations, which may suggest physics beyond the Standard Model. The disagreement for the muon g − 2 is the subject of many studies (see, e.g., review [3] ). The MDM of the τ -lepton has not been measured so far and is of great interest for testing calculations in the Standard Model [4] .
For hadrons, the MDMs are measured for the baryon octet with J P = 1 2 + . Historically, reasonable agreement between the measured MDM and predictions of the quark model was important to substantiate the constituent quark models of the hadrons. In general, the MDM of the spin-1 2 particle is expressed as
where S = 2 σ, m is the particle mass, q is the particle electric charge, g is the gyromagnetic factor. The value g = 2 corresponds to a Dirac particle without magnetic moment anomaly. Usually, the MDM of baryons is measured in units of the nuclear magneton * fomax.ua@gmail.com † korchin@kipt.kharkov.ua ‡ stocchi@lal.in2p3.fr µ N ≡ e /(2m p c) [1] , where m p is the proton mass and e is the elementary charge. It would be very important to measure the MDM of the charm baryons Λ + c (udc) and Ξ + c (usc), which have not been measured so far because of their very short lifetime of the order of 10 −13 s. There has been many calculations of the MDM of the charm baryons in various models of their structure [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . As for the Λ Thus, an experimental study of the MDM of heavy baryons can be useful to distinguish between different theoretical approaches. One of the motivations for measurement of the MDM of the heavy baryons is also studying the MDM of the charm quark. If this quark behaves as a point-like Dirac particle, then the corresponding gyromagnetic factor g c is equal or close to 2, while if the charm quark has a composite structure we can expect a sizable deviation from this value.
In the quark model the MDM of the heavy baryon is expressed in terms of the MDMs of the heavy and light quarks. In particular, for the charm baryons, the spin and flavor structure of the ground-state baryons Λ 
MDMs in Eqs. (3) depend on the MDM of the charm quark. Let us consider Λ + c and take "effective" mass of the c-quark m c = 1.6 GeV as suggested from the charmonia spectroscopy [5] . Keeping explicitly the g-factor of the charm quark we can write µ(Λ 
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For g c = 2 these values are consistent with Eqs. (2) . For Ξ + c one needs to specify also the masses of the light constituent quarks. Choosing m u = 336 MeV and m s = 509 MeV, which reproduce MDMs of the baryon octet [22] , one obtains from (3) µ(Ξ 
where the first numbers in each quantity in (5) come from the u and s quarks, and the second -from the c quark.
The combined measurements of MDMs of Λ + c and Ξ + c may help to obtain information on the g-factor of the charm quark.
In the present paper we discuss the feasibility of the MDM measurement for the positively charged charm baryons Λ + c and Ξ + c at the LHC. This extends the proposal of the UA9 collaboration [23] .
II. PRINCIPLE OF MEASUREMENT
The experimental results on MDM are all obtained by a well-assessed method that consists of measuring the polarization vector of the incoming particles and the precession angle when the particle is traveling through an intense magnetic field. The polarization is evaluated by analyzing the angular distribution of the decay products. No measurement of magnetic moments of charm or beauty baryons (and τ lepton) has been performed so far. The main reason is that the lifetimes of charm/beauty baryons are too short to measure the magnetic moment by standard techniques.
One proposal to meet the challenge of measuring the magnetic moments of baryons with heavy flavored quarks is to use the strong effective magnetic field inside the channels of a bent crystal instead of the conventional magnetic field to induce the precession of the polarization vector and measure the magnetic moment. Some theoretical aspects of this phenomenon with possible applications to the LHC have recently been discussed in [24] , where the author carried out the preliminary estimations of the possibilities to measure MDMs of the short-lived particles, in particular, charmed baryons at the LHC energies. In Ref. [25] the authors suggested to use this method for studying the electric dipole moments (EDM) of the strange Λ baryon and the charm baryons.
The theoretical formalism of the precession of the polarization vector of spin-1 2 particle in external electric, E, and magnetic, H, fields has been known for a long time [26] [27] [28] [29] [30] [31] . In Refs. [32] [33] [34] [35] [36] [37] [38] this formalism was applied to the case of the bent crystals.
In the planned fixed-target experiment at the LHC, the high-energy proton beam produces the polarized charm baryons by interacting with nuclei of a target-converter
which are directed into the bent crystal. The initial polarization vector ξ i of the charm baryon is perpendicular to the reaction plane spanned by the proton and baryon momenta, q and p, respectively, because of the spaceinversion symmetry of the strong interaction.
When falling on a bent crystal, a small fraction of baryons gets in the regime of planar channeling (see, e.g., [35, 36, 39] ). Note that only positively charged particles can be efficiently deflected by a bent crystal using planar channeling phenomenon. The planar channeling of negatively charged particles is very unstable due to the enhancement of their multiple scattering on lattice atoms (see, e.g., [40] ). However, the negatively charged particle can be also deflected using the so-called stochastic mechanism of multiple scattering by atomic strings of a bent crystal. This mechanism was proposed in [37] . The possibility to use it for the MDM measurement was considered in [38] .
The motion of channeled relativistic baryons in the inter-plane electric field of a bent crystal imitates the particle motion in a strong magnetic field directed along the crystal bending axis (axis Oy in Fig. 1 ). The MDM vector of baryon rotates around this axis. The gradient of the inter-plane electric field of a silicon crystal reaches the maximum value about 5 GeV/cm that corresponds to the value of the induction of effective magnetic field of thousands of tesla in the rest frame of a TeV baryon. The initial value of the 3D polarization vector can be determined using the non-channeled baryons. The absolute value of the polarization can be also measured as a by-product of this experiment. Various aspects of this analysis will be discussed later.
The first experimental realization of such method was carried out in Fermilab [41] at the 800 GeV proton beam. The strange Σ + (uus) baryons (with lifetime 0.8×10 −10 s) produced on the Cu target had average momentum 375 GeV/c and the absolute value of polarization (12 ± 1) %. After passing 4.5 cm of the bent silicon single crystal the polarization vector precessed by about 60
• . This new technique allowed to obtain the MDM of the Σ + hyperon µ = (2.40 ± 0.46 stat ± 0.40 syst ) µ N which was consistent with the world-average value.
The proposed experiment at the LHC is much more difficult because the lifetimes of the charm baryons Λ + c and Ξ + c are three orders of magnitude less than the lifetime of Σ + . In order to measure the angle of MDM precession with sufficient accuracy and correspondingly extract the MDM at the LHC energies, it is necessary to carry out the optimization of target-converter and bent crystal parameters by means of detailed computer simulation as well as to study the properties of charm baryons as it is discussed in detail later.
A. Spin precession in a bent crystal.
Master formulas
Because of the extremely short lifetime of charmed baryons in comparison with the Σ + hyperon, in our case it is not possible to prepare a beam of polarized baryons in advance and to measure the degree of their initial polarization, as was done in the Fermilab experiment [41] . In our case, as explained below, the crystal could be used as a beam collimator.
To be captured into the channeling regime, the incoming particle must have a very small angle θ x between its momentum and the crystal plane of the chosen channel, namely, |θ x | < θ L , where θ L is the Lindhard angle [42] :
where n is the crystal atomic density, d is the distance between neighboring planes, a TF is the Thomas-Fermi screening radius, Z|e| is the charge of atomic nucleus, ε is the energy of incoming particle. The Lindhard angle is the critical angle of planar channeling for an ideal crystal case. The axis Ox is perpendicular to the channel plane (see Fig. 1 ). The Λ + c baryons emitted from the amorphous targetconverter are polarized and isotropically distributed over the azimuthal angle around the direction of the initial proton beam. The polar angle θ that determines the characteristic cone of the relativistic Λ + c baryon emission in the laboratory frame has a value of the order of γ −1 , where γ = ε/m is the Lorentz factor of the Λ + c , ε and m are its energy and mass, respectively. In the conditions of the LHC experiment θ ≈ 10 −3 rad. The critical angle of planar channeling (7) for particles with the energy of several TeV in a silicon crystal is about several microradians, that is at least two orders of magnitude smaller than a characteristic angular width of the Λ + c beam θ after the target-converter. Therefore, only a small part of this beam can be captured in the channeling regime when entering the crystal. For all channeled particles the angle θ x is limited in the interval (−θ L , +θ L ). At the same time, there are no limitations on the value of θ y of the Λ + c to be channeled. Thus, the conditions for the particle capture into the planar channeling regime pick out by themselves the region in the phase space of the Λ + c momentum with a certain direction of the polarization vector, namely, across the channeling plane (up or down in Fig. 1) .
After passing the bent crystal the polarization vector rotates by the angle [33, 34] 
with respect to the direction of the initial polarization vector. Here Θ = L/R is the deflection angle of the channeled baryon momentum after passing the bent crystal, L and R are the length and bending radius of the crystal. A simple derivation of Eq. (8) is presented in Appendix A. In the conditions of the LHC the Lorentz factor γ can be quite big, of the order of 10 3 . In this case the approximate equality in (8) holds (unless incidentally the relation g = 2 happens).
The schematic layout of the experiment is shown in Fig. 1 . To simplify the following formulae and for better understanding the experiment layout, here we consider Λ + c baryons to be parallel to the z axis. In our further calculations we take into account the proper angular distribution of baryons at the entrance into the crystal.
In this frame the components of the proton momentum q, baryon initial p i and final p f momenta, effective electric field E i and E f in the crystal, rotation axis along E × p, and the initial ξ i and final ξ f polarization vectors are:
The absolute value of polarization ξ = | ξ| stays constant and is determined by the process (6). 
B. Basic principles of the angular analysis
The orientation of the baryon polarization vector after the crystal can be determined from the angular distribution of its decay products. For the weak decays of the spin-1 2 baryon into the two-particle final states of baryon and meson (
in the rest frame of the baryon (see Appendix B). Here N is the number of events, ϑ is the angle between the direction of final baryon (analyzer) and the polarization vector ξ f . The weak-decay parameter α characterizes parity violation in the decay. From the angular analysis one can obtain the expression for the absolute statistical error of the measured gfactor:
where N Λc is the number of reconstructed Λ + c deflected by a bent crystal. Note that Eq. (11) is obtained for a fixed value of boost γ.
The values of absolute polarization |ξ| and weak-decay parameter α are crucial, since the g-factor error ∆g is inversely proportional to these values. [43] (the sign of the polarization is defined with respect to the normal to the production plane, q × p i ). The E791 experiment [44] finds evidence for an increasingly negative polarization of Λ + c as a function of p 2 t , in agreement with the model [45, 46] . These data are shown in Fig. 2 together with fitted curves.
In the same plot we show the theoretical prediction in the so-called hybrid model [46] (for the process π − p → Λ In addition, they could also be measured by using the available data on beam gas interaction at the LHCb (SMOG data [48] ).
The weak-decay parameter α is the decay-channeldependent quantity and it is compiled for various decay channels in case of the Λ + c baryon in Table I . For the decay channels containing Λ or Σ + in the final states, the parameter α has been measured. The decay channel Λ + c → p K − π + has a large branching fraction and it would be interesting to use this decay mode for the MDM measurement. The E791 experiment [44] reports measurements of the amplitudes for Λ + c decay into nonresonant p K − π + and to p K * (890) 0 , ∆ ++ (1232) K − , and Λ(1520) π + modes. Using the measured amplitudes the values of the weak parameter α can be extracted with large errors as in [25] . It would be extremely important to perform this analysis using the LHCb data. On the other hand, no measurement of the α parameters exists in case of Ξ + c , and it would be important to measure these parameters in the LHCb experiments. 
III. THE SENSITIVITY STUDIES
In this paper we have performed a sensitivity study for measuring the MDM of Λ + c produced by the strong interaction of high-energy proton beam impinging into a target-converter of a dense material. For this analysis we decide to consider only the Λ + c baryons which decayed after having passed the full length of the crystal.
The number of reconstructed Λ + c that were deflected by a bent crystal can be expressed as follows:
where N tar+crys is the number of deflected Λ + c per proton:
Here ∂Ntar ∂ε is the Λ + c energy distribution after the target:
Then, taking into account the energy distribution of Λ + c , we obtain the expression for the absolute statistical error of measured g-factor:
The definitions of different terms in Eqs. (12)- (15) and their values are given in Table II and discussed in the following sections. The center-of-mass energy for the fixed target experiment at the 7 TeV LHC proton beam is √ s = 115 GeV and no measurements of the σ(Λ c ) cross section exist at this center-of-mass energy. For this study the Λ c cross section has been estimated from the total charm production cross section or explicitly from the Λ c cross section measured at different center-of-mass energies. The PHENIX experiment in proton-proton collisions at √ s = 200 GeV measured the total charm cross section to be 567 ± 57 (stat) ± 224 (syst) µb [49] which is compatible with their previous measurement σ cc = 920 ± 150 ± 540 µb in Ref. [50] and the one derived from the analysis of Au-Au collisions [51] (σ cc = 622 ± 57 ± 160 µb). If we rescale the cross sections at √ s = 115 GeV assuming a linear energy dependence, we obtain σ cc = 326 ± 33 ± 129 µb, σ cc = 529 ± 86 ± 311 µb and σ cc = 358 ± 33 ± 92 µb, respectively. In the following, we considered the weighted average of the three experimental results: σ cc = 357 ± 77 µb. The results from the linear interpolation are in agreement within 1.7 σ with the cc cross section obtained with the Helaconia MC generator [53] in Ref. [52] .
The Λ c fragmentation function (7.6 ± 0.7 (± 2 %)) has been taken from Ref. [54] , as the average of the results from the CLEO (f c→Λc = 8.1 ± 1.2 ± 1.4 %), ARGUS (f c→Λc = 7.3 ± 1.0 ± 1.0 %), ALEPH (f c→Λc = 7.8 ± 0.8 ± 0.4 %), DELPHI (f c→Λc = 8.6 ± 1.8 ± 1.0 %) and OPAL (f c→Λc = 4.8 ± 2.2 ± 0.8 %) experiments. Predictions from Pythia8 (f c→Λc = 7.21 ± 0.04 %) and models in Ref. [55] (f c→Λc = 5.88 % (L0) and 5.74 % (NLO)) are in agreement within the large uncertainties. Finally, we get σ(Λ c ) = 27.1 ± 9.5 µb.
On the other hand, we can use the LHCb Λ c cross section measurement in pp collisions at √ s = 7 TeV [56] .
In this case the cross section is reported in specific rapidity y and transverse momentum p t ranges. It is equal to σ Λc (2.0 < y < 4.5, 0 < p t < 8 GeV/c) = 233 ± 77 µb. We used Pythia8 to interpolate the cross section to the full p t and rapidity range. The correction factor is found to be 19.2 ± 0.3 %. We then extrapolate linearly the total Λ c cross section to the energy of √ s = 115 GeV.
We obtain σ(Λ c ) = 19.9 ± 6.6 µb. 
For the sensitivity study we took the weighted mean of the three values, σ(Λ c ) = 13.6 ± 2.9 µb.
B. Λ + c energy distribution:
The Λ + c produced in the target-converter will have a wide energy spectrum from zero to the energy of the incident proton. Low-energy Λ + c , constituting a majority of the produced particles, can not be deflected by a bent crystal at a sufficiently large angle to be used for measuring MDM, due to their rapid decay. The normalized energy distributions of baryons produced by a 7 TeV proton in a tungsten target of zero thickness are shown in Fig. 3 . These results are obtained using Pythia8. The simulation gives also the angular distribution of produced Λ + c , which is important for the determination of the Λ + c beam fraction that could be captured in the channeling regime in a bent crystal. For the energies higher than 0.5 GeV the distribution is very close to the normal one with a standard deviation ≈ Figure 4 shows the Λ + c differential energy distribution after the target (see Eq. (14)) for different target thicknesses with the parameters listed in Table II and the normalized spectra given in Fig. 3 for L = 0.
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FIG. 3. Energy distribution of Λ
At high energies the number of Λ + c is proportional to the target thickness. Furthermore, the specific ionization losses of TeV baryons in a tungsten target are about 40 MeV/cm and therefore can be neglected as well as the multiple scattering of the Λ + c in the target, that gives a correction of the order of percent of the value of the characteristic angular width of Λ + c production γ −1 . The main limitation would come from secondary particle production in the target. This should be carefully evaluated. For the present study we decide to use L tar = 1 cm. 
C. Deflection efficiency: η def
The efficiency of particle deflection η def is the ratio of the number of particles which are captured in the channeling regime and deflected by the full angle Θ to the total number of particles impinging into the crystal. It can be expressed as:
where η acc is the acceptance factor which describes the capture of impinging particle into the channeling regime at the crystal entrance, η dech is the dechanneling probability inside the crystal. The acceptance factor η acc is defined first of all by the angular acceptance factor η ang which is the fraction of particles produced in the target-converter in the narrow interval of angles with respect to the crystal plane (zy). The detailed description on how we have obtained these parameters is presented in Appendix C. The results of calculations of the angular acceptance factor η ang and acceptance factor η acc as functions of Λ + c energy are presented by the dotted blue and dashed red curves in Fig. 5 , respectively. Note that these factors have a quite different dependence on particle energy.
Solid black curves represent the deflection efficiency η def of the crystal of length L crys = 8 cm. The difference between the solid black and dashed red curves in Fig. 5 is caused by the dechanneling effect. Figure 5 shows that a germanium crystal has better efficiency with respect to a silicon one and allows one to keep more energetic Λ + c which, in addition, are more efficient for the precession of the MDM measurement, see Eq. (15).
D. Crystal parameters optimization
To obtain the optimal crystal parameters and to compare the efficiencies of silicon and germanium crystals we introduce the relative efficiency η rel of the MDM precession measurement with respect to the efficiency of silicon crystal with L crys = 8 cm and R = 22 m (further, the default crystal). This parameter corresponds to the ratio of data taking times needed to measure the g-factor with the same absolute error ∆g (see Eq. (15)) for two different crystals:
Here quantities with index "0" correspond to the default crystal. In Fig. 6 the upper plot represents η rel for silicon and germanium crystals at room temperature and for germanium cooled down to 80
• K as a function of crystal length L crys calculated for the optimal curvature radius R (shown in the bottom plot).
The positions of maxima of curves in Fig. 6 (upper plot) correspond to the optimal crystal lengths. The bottom plot shows the optimal curvature radius R as a function of crystal length L crys .
Note that η rel depends only on target and crystal properties as well as the baryon energy distribution and decay time. Thus, the optimal crystal parameters can be found by maximizing this term for all decay channels at once. The applicability limit for this approach is that the detector efficiency η det should not have a strong dependence on the Λ + c baryon energy. In the opposite case decay parameters α and Γ j and the detection efficiency η det should be integrated together with the terms in Eq. (17) over the energy.
In Table III we give the results for the relative efficiency of the MDM precession measurement η rel for three values of L crys , both for silicon and germanium crystals.
In the table we also give the value for the number of deflected Λ + c per incident proton N tar+crys , which can be obtained by plugging η def , ∂N tar /∂ε and the decay factor in Eq. (13) . Note that there is no direct relation between N tar+crys and η rel as η rel is also proportional to square of the deflection angle Θ 2 and square of Lorentz factor γ 2 of Λ + c . It is important to notice that the value N tar+crys is typically of the order of 10 −8 . For the sensitivity analysis we choose a silicon crystal at room temperature with L crys = 8 cm and R = 22 m.
As follows from Table III , the use of germanium crystal at room temperature increases the efficiency by a factor 2.5 (for a germanium crystal cooled down to 80
• K this factor is 4.4).
E. Detector efficiency: η det
Many decay channels of the Λ + c could be used:
For the first two decay modes the weak-decay parameters α have been measured with a reasonable accuracy, while only preliminary measurement of the branching fractions and evaluations of the weak-decay parameter values are available for the other decay modes. A specific analysis should be performed for evaluating the detector efficiency for each of these channels. For the sensitivity studies we have decided to select two of these decay modes: Λ(pπ − ) π + and ∆ ++ (1232) K − . For a preliminary evaluation of the detector efficiency we take the LHCb as a reference detector, by considering typical trigger, acceptance, tracking and vertex reconstruction efficiency. In particular, due to the very energetic spectrum, the reconstruction of Λ baryon is rather complicated. In fact, the Λ present in the final states, can be very difficult to be detected since most of them could decay after passing the detector tracking volume. The efficiency of the Λ(pπ − ) π + decay channel has been evaluated to be in the range η det (Λ(pπ
On the other hand, the decay mode ∆ ++ (1232) K − seems to be more promising and a preliminary evaluation of the efficiency gives η det (∆ ++ (1232) K − ) = (2-4) %. The other channels could be also used and a more precise evaluation of the detector efficiency should be the object of dedicated studies. The initial polarization of the Λ + c is supposed to be known with high precision using the large sample of the non-channeled Λ + c ; the polarization in the three spatial coordinates is evaluated by using the angular analysis as described by Eq. (10) . An example of the spin rotation is given in Fig. 8 .
The initial polarization is only on the transverse plane, specifically along the direction of the Ox axis (see Fig. 1 ). After Λ + c have passed through the crystal, the polarization acquires also a longitudinal component (along the Oz axis). The value of the g-factor is obtained from Eq. (8) The polarization angle for g = 1.9 and the parameters used for this simulation is of the order Θ µ ∼ 0.2 rad.
In Fig. 9 we show the result in the plane Φ × η det as a function of days of data taking to reach a precision on g-factor of ± 0.1 for the two decay modes which we have considered. The bands display different choice of absolute Λ Tables I and II. As it can be noted, the bands are quite large and depending on the values of several parameters entering this evaluation, the difference in terms of data taking time can be very significant. It is important to emphasize that the width of these bands is mainly coming from the two factors: the value and the uncertainty of the α parameters and the Λ + c polarization. Thus, it is extremely important to measure more accurately these parameters using, for instance, the existing LHCb data. In Fig. 9 The most promising channel is Λ + c → ∆ ++ (1232) K − . Using this mode a precision on g-factor of ± 0.1 can be obtained within the time from a few to 60 days.
In Fig. 10 we show the evolution of the error on the gfactor using the ∆ ++ (1232) K − decay mode once the detector efficiency has been fixed to a value: η det = 2×10 −3 . The data taking time needed to reach the certain precision ranges in a quite large interval due to the uncertainty on the polarization, α parameters and the Λ + c cross section.
As explained in Section III D and shown in Table III , the data taking time can be reduced by about a factor (2.5-4.8), if germanium crystal could be used. 
IV. POSSIBLE EXPERIMENTAL SETUP FOR PERFORMING THIS EXPERIMENT
In the last decade the UA9 Collaboration has developed the technology and more recently used it to demonstrate that bent silicon crystals can efficiently steer the diffusive halo surrounding the circulating beam in the LHC, up to 6.5 TeV energy [58] .
A scenario to deflect the halo particles in the vicinity of an interaction region of LHC is currently under study. The deflected particles should be kept in the vacuum pipe and will follow trajectories well distinct from those of the circulating beam core. Inserting a target in the pipe, the deflected halo can be efficiently used for fixed-target physics. An additional absorber should intercept halo particles not interacting with the target, thereby allowing the possibility of fixed-target operation in parasitic mode. In particular, by directing the deflected halo into another bent crystal tightly packed with a short and dense target, located in the LHC pipe just before an existing detector, living baryons should be produced and their polarization may be measured from the analysis of the decay products. As an example, a preliminary optical layout compatible with the existing installations in IR8 is presented [59, 60] and it is suggested to use the interaction zone close to the LHCb detector. The LHCb detector will be particularly well suited to perform this experiment and preliminary discussions are undergoing.
In addition an Expression of Interest [23] has been presented in October 2016 at SPSC proposing to perform preliminary studies of the double crystal setup in SPS. In March 2017 this proposal has been accepted by SPSC for the next two years and the experiment will be performed in 2017 and 2018.
V. CONCLUSIONS
In this paper we have revisited the possibility of a measurement of the magnetic dipole moment of the charm baryons and in particular of Λ + c . As shown, the experimental setup would consist of using the primary protons in the halo of one of the LHC beams, deflecting them by a bent crystal into the target-crystal pack, just upstream of one of the existing detectors of LHC. This experiment is extremely challenging but the recent success of crystal-collimation tests of the UA9 Collaboration [58] may provide the necessary technical know-how for such a complex task. The sensitivity studies presented in this paper show that a precision of ± 0.1 on the g-factor could be reached within data taking time from a few days to about one month. The uncertainty on the needed data taking time could be significantly reduced by measuring more precisely the α parameters and the absolute value of Λ + c polarization.
where v = p/ε is the particle velocity, γ = ε/m is the Lorentz factor, and perpendicular and parallel components of the 3-vectors are defined with respect to the direction of motion. Apparently, a · p = 0 in any frame. The polarization vector has the clear physical meaning in the rest frame of the particle, therefore the precession of vector ξ is usually considered. In the instantaneous rest frame the polarization vector obeys the classical equation [30] 
where H is the magnetic field in this frame and τ is the proper time 1 . In Eq. (A2) the term with a possible electric dipole moment of the particle is not included (see, for example, Refs. [25, 28] in which such contribution is discussed).
One way to extend Eq. (A2) to the laboratory frame is to transform the magnetic field and the time to the laboratory frame, and include the Thomas correction [26, 27] . Another commonly used way is based on the explicitly covariant approach [28] which is analyzed in detail in Refs. [30, 31] . The corresponding equations can be written as
where the electric, E, and magnetic, H, fields are defined in the laboratory frame and ω is the angular velocity of the polarization precession.
For the purpose of the present paper it is sufficient to keep only the electric field and choose E v = 0 at any moment of time, since the effective electric field in the bent crystal is orthogonal to the particle momentum. In this case the equations of motion imply that
Choosing vector E in the (xz) plane it is seen that the particle rotates around the axis Oy with the constant velocity (neglecting movement along the Oy axis). From (A4) one obtains the corresponding angular velocity and the rotation radius
The polarization vector, as it is seen from Eqs. (A3), also rotates around the axis Oy with the angular velocity ω = evE m
We can integrate (A6) and arrive at Eq. (8) connecting the angles of polarization precession and velocity rotation.
Note that Eq. (A6) was derived earlier [33] for the arbitrary electric field. It was also re-derived in [34] using a more elaborate method. This angle is analogous to the Lindhard angle (see Eq. (7)) but with taking into account thermal vibrations of lattice atoms and the crystal curvature. The value θ acc is defined by the effective potential well of plane channel of bent crystal. The form of this potential well is defined by averaging the lattice atom potentials along the chosen crystal plane (see, e.g., [35, 36, 42] ). The dependence of acceptance angle on the particle energy for silicon and germanium crystals is presented in Fig. 11 .
As germanium has a rather small value of Debye temperature, cooling down the crystal leads to a significant decrease of a thermal oscillation amplitude of atoms in crystal nodes. Through this effect, reduction of the temperature to liquid nitrogen temperature noticeably gains the deflection efficiency. For this reason, we also present the results for germanium crystal cooled down to 80
• K (see upper limit of thick curves in Fig. 5 and Fig. 11) Actually, the fulfillment of condition (C1) is not sufficient for particles to be captured into the channeling regime. It is also necessary for the channeled particle to have the negative energy of transverse motion with respect to interplanar potential U (x) (see, e.g., [35, 36, 42] ):
where
where x is the impact parameter with respect to the planar channel (see e.g., [35] ). The second summand in Eq. (C4) is centrifugal term which describes the distortion of interplanar potential caused by the crystal curvature.
As the characteristic width of baryon angular distribution γ −1 is at least two orders of magnitude greater than channeling acceptance angle θ acc , we can consider the angular distribution of channeled baryons over θ x as uniform. It is clear that the distribution over impact parameter x is uniform as well. Thus, the acceptance factor can be written in the following form:
where Θ H is the Heaviside function.
The dechanneling probability η dech was calculated by means of Monte-Carlo simulation of particle passage through the crystal using binary collision model of incident particle interaction with atoms of crystal lattice (see, e.g., [62] [63] [64] ). The potential of a single atom was taken as Moliere potential of screened Coulomb field. The multiple scattering on electron subsystem of crystal lattice was taken into account using the aggregate collisions model [65, 66] . The model was verified by comparing its results with the experimental data [67] .
